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(1983^ N T^y^x Hyperion Catalytic International^^ # 
ffflBg62 - 5000943 -^-^f^x Multi-walled Nanotube, The number of walls varies 

with 8 tol5 being typical. The outside diameter of the tube is approxi 
mately 10 to 15 nanometers. The inside diameter is approximately 5 nanom 
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rayama, T. Maeda, Nature, 245 N 791, Rodriguez, N.M. 1993. J. Mater. Res. 8: 
3233) N (S. Iijima, Nature, 354, 56 (1991), S. Iijim 

a, ) &&&£tlXU$®l?tmttk LT&B £*V-tV>5 0 
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m<Dm*\ftmX»mm-tZ>Z.kfc£V), mWt (Feather) JgSrftL-CV^^fcSrflP 

mi 2<omwn, mi oxi^i i^3bw»j:*3v^s afrfB£&Hv*£*s¥a*te 

f 13 » 1 0 30*35 1 1 ©SSWlcSswC, 7 0 o ^STFoSM&safe 
fl=lz::}8V^ fiffe^f^ ^f - ^/HtH® ©SraBBH (d 002 ) ^ o . 500n 

j$$£i?t <£>^^#: OfflftMIIidS 8 ~ 5 0 0 n mXfr t> % ^H©7^^^ hit ($£*feft 

mm<Dmm%fo<offlm®k\&&i-zmz.Mvx, 8 om&±s 8m^x<ommn 

mXW&l-rZZkKXY), f-zju—^ (Tubular) LT^5 r. k teftWlk 
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mi 6<D$&wfe. mi 5<DmwK&^x, $kmi-swmm<DM&&<Dwmm& 
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mi KD&m*. miofrbmi e<o^m<o\^M^^x^ immkw& 

mi 8©^f*> ^1 ot^mi 7 <D&w<o^-rM^&^x, l 6 OO^ 
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«Ett*t©flrlB&f*tf s > *-tWy^ TA^"^ S'U** £->f#\ 

o 
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m.f£(Di£tiT, ^mt^fm^^t^M^^ (7ic§ft#EEo~9 o%) t\ nuts 
mmmmmmu^mmnmt mm^mmnt & 3 0 o~ 1 3 0 o o c^^t?-^ 
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0 2 4 El te. 0 2 1 13 <D;f^ 0 ^<E> 2 8 0 0 til^Sp B p ©Jft#fl¥fB3jflSWI 
02 5 0 2 1 m<Oi$m+ 3 OS© 2 8 0 O'Ci^ta^Sp^O^^^ii 
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, 6 0 0*C-C«3t) L^tli©^*^^^*^ 1^2 0 0 0^^2 800 
|3lBttv Columnar^5tO^^/i^P^b^SSim^/^^^S 
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0 0m 2 U±*^&ftT&(DmMVt^y^tt£Z>ZLk%:&mVfr 0 

D y K : Carbon Nano-f iberous-Rod) 1 2 /^flj&^HTV^o -hfB^Ufc 

v-dr^-summ 11^2-1 2ii^i:ii u-c i o^m^ifi&^j&b-cv^,, 

iiil 2*52-1 2JlOS«Ji»z:J;5Hiffi«r«*UW5aftr±s 

-rt% mi in (a) it, mm^*-v-=fi-^Bffii i^2i(at)^t/i 

|£*1 2<Z)-#^¥^ : lr^bfcm^:Ill-efe5o ^1® (b) 

^f - =r t^/v^® 1 1 & 8 jb \z. x 9 y mmn 1 2 ©— «^<sfcs:^ ufcm 
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£fc, j^Pft^/»£S§l 2 fit. «i:E5Si-5^«>Wfffi«3t^»2S (a) T* 

«rare&9. I2i (b) -cttAfcTrcfcsa*. #3£9lte\ rn&^IRtS^ 
5t©t?W:*v\ 0il;tf2 N »4Hl^J: 5 R7£ (»4BI (a) £f£) ^ 
^ (fg 4 m (b) #!&) te^^A/^iu 0iJ*Ji> A^^ (f 4H (c) # 
Rg) * (14 0 (d) f©»T'feoTt>J;V\ 

±IB^*^/iHli*S¥l 3 LT^ 5 / 1 5 

©ft«Wftfl*3ft4: UTf3\ (Columnar) 33** (Feather) « 
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r t \z. X 19 wmt i"^^-^. ±IB 1 6 0 0TOJ2^?&TiM!3Si-5 r. £: 

t^^Mi-yWBMl 2& TAs-prepared ^t!8j £1B«&U 2 8 0 0°C^©i^ffi. 

T^^Sbfc^m-t-y^tmi 2£ T2 8 0 o°C^m^m\ mtWMLirZ* 

(High-resolution transmission electron microscope : HRTEM) \Z. ,£<5$il 

§t^nxh% 0 mem (a) '&mrr%&^m^x^xmbftt^vk 
it/«iii2©i^m mem (t>) f±. W52soot« 

i7@ft, m.m-r; wmm 12 ( 2 8 0 0 "cm&mvtmd (om^-mnm^ x 5 
^?^fe5 0 ^nx% ^7 in (a) nm^mmm^mm^m (hrtem) 

fg, i7i (b) fijfejttSL h l/^/um^MW&M (Scanning tunneling 
microscope : 

h^/vtt^tMft (STM) <7>^tfS^$£9lT?fc5<7>tt: N i*VMBF*T?*>5i:# 
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jvWPmbgL (STM) K5 8 Bfc:**vvc, ^-dlfte'dlofe^L-fc^ 

r.r.T% ^HJS^^S^^S^^^f-^^HHi® (Hexagonal Carbon Layer 

■£z>zLtfr%nbtix^% (z-tf^mm&m. P . 226, mm#n<¥&. 
mm&mmmmm^m, <m r mm. 2000 „ 

u 9 5%^_b^^ J F-e^SLbTv^^ 0 r^it;ii*i2?r2 
0 0 oTOJt^i^v^a^^-c^si-sr tfcx^x9 9%u±<Dmmm^x^z 

/ m^-^mr^mfM (d 002 ) no. soon m^T-fe 9 . mm>^m^(Dm 

mmffi* (d 00 2 ) (0. 3 3 5 4nm) ^MILTV^ 0 ioT, * 

3693 § tt*-?- y lamm 1 2 rass v ^i&<fb& £: ft o t v n 5 o 
(Dmrnftm^mfrbtezmrnvt-i-yfik^i s^&vvr, m% (columnar) 
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^Jl^ffi : Rigaku Geigerf lex /30mA, 40kV, Stepwise scan 

Calculation of XRD properties according to Gakushin Method ! 
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^1 OlSlfis 2 8 0 0°CT^«!iSLfciColumnar#atO«i^/^l 5(D^ 

<Dj%mi-;mMmi 2&&m%misfr%^t\^£x>mm^;mmmmmi 3&m 
mzthx, wmvt'i-yfcMi 5 tttzz. k&t>frz>o miom (a) t± % 
wt^t/^ii 5©i 5^fflF©*t^HT?*>9^ iio@ (b) ffiflm-i-s 
mmi 5(Dmj?fo (Hon (a) N tm.^rt^^nnu mi 

om (a) *p<da.&bltj-&&) (om*mx$>z>o 

^100 (b) frh, i»iotH^t K— A^*<cbfe5fe»©tfi* 
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ttft, 0!l*.f*\ (Columnar) #3ftEWMC (Feather) 

f-*.~-ZfVt (Tubular) *3t©=«»^rf 6>*t5. 

mio^flgf*. 3fJS27fa (mmfft^rpj) (y) ^]iLSi-s# (x) K:*tb 

Columnar) JgOlfciMMfc"*- / 1 3 A t ^ 0 (Uli (a) #HB) . 

i&2<^fi^ 5«js^fr] (i^ifft^TRj) (y) tmt-r^n (x) 

T. 20tJ:?)^<80t*«©M (13) T'la^L-tftS^-Cfc*). 3m 
(Feather) 3Bfcl^5 (»H0 (b) #H8) „ 

&*3 % 11 l^b^Si^^ ^tfc (Feather) )g©iatftt/|{*#l 

^3«(i, ^jizfriR] (IWiitt^lft) (Y) £E£i-5«i (X) fcifcfb 

T* 8 0££JLb8 8gtT*^g (7) T?ffi#lb-C:fc5 !K ^bt 

(Tubular) ^©IWtflWV ^*§S¥ 1 3C£r<^5 (Illi (c) „ 
« 12014, (Columnar) ^©«"*^/lftl<BR*«>-«®«=S:H-C«»S- 

^12i (a) {4. (Columnar) ^©K^/JKiNISf 1 2 ©$fcfr[R] £ itt^ 

-rs^Kias u-t&aHv 1 3 a^#^$h« r. t s^b-cv^a. 

$1211 (b) , (c) «\ ^*tyiiiSll 3AWi< ib-^±M 

i-fcfr-fc. ^1 2H (b) fcjawc, 3 Ate, MiS^-^im 

I<Df^ljT«fe^ mi 2HI (c) fc*5V^ ^it/«liSll3Aii, &&& 
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wnwM<DM.m-e&>z>o *fc N %i2m (t>) , c<o i^i-<t5i-> Km-ft 

|fia#IS!#lili:ft5. 

ft*3, fgl2|g (d) ^-Ti 5^. ^tyiiii2©tt^ofi$^i 
UTft*^/»BNt*»l 3ASr#^bt. #ft*?VJ«*li*l 2 

ft*-*V«**m 3«r^-T«^i:t>-5r«B-e«>«. **u Il4i(^tJ:5 
fc, ft*^/ffle*£*im 3©JB3^tttit:5rt-5^l63^Wfffi^^ Afc 

^lt, mi 5H»s wtfttyftfi 5^iis^t^s»auRt»ii (hrte 

m) «u Hi 6 0tts IWi*WVft*i 5©Mb^/HfWi (ST 

M) (Columnar) fl|5t> (Feather) 

^ s ^^-fft (Tubular) «5tOH^(D«|atOSI*i^/ ft* 1 5 tftf&tfc 

coiumnaxm^mm-r/mmmmi 3Mt wmfri 5-20 nmgg-efcs 

(7?T% 4 UT#^*^SColumnarfltat^>ISIi^/ ft* 1 5 t^£4g2* 

6 0~8 0nm^*5^i:^^5 o iot, 2 0 0 n m ©Columnar^ 

sfioaaMjwv ft* i 5 fct>ft*^Wi*»i 3a^io«$ 

i©i5ft«iftt/^15li> «* (Fe) , a^/H* (Co) , -y-JrA' 

(n i ) \zftm^zmm£fe^M(om&xi±&&&Mi&k u 400-120 

o'CciitlSffl-c- Bfefbft*Xf±^^>- (CH 4 ) \ ^fl'V (C 2 H 6 ) , 

Zfus^is (C 3 H 8 ) ^(Omti^m^miKOm^^ (7k*#EE: 0~9 
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3fc"f\ ffiSHftSrflJffiU ifcSHfe (Best, R. J. Russell, W. W. , J. Araer. Soc 
. 76, 838 (1954k Sinfelt, J. H. , Carter, J. L. , and Yates, D. J. C. , J. 
Catal. 24, 283(1972)) <fc <9 tt»jK*W84i-S- 

P$£Lfc3 Omg©^iII:^I©*- b (^lOmm, |2. 5mm x 
$t£l. 5mm (^M) ) ft@4. 5cm0^f0^l:*5V^ 7K 

5ff£^y «>AtOj|^ (7kit#]£ : 2 0%) £ 1 0 0 s c cmflU^fe 
soo'C-eo. 5~i 0^P^5S5ni-5 o Z<d^ —&.fc&&Rkfrmb <Dm&-tf* 

(TfcSf #J3E : 1 0 ~ 9 0 %) &100~200scc mt'I \*t£lfi h 4 5 0 ~ 6 
2 0lC©fiST-0. 2 5~3^»^tt > Bf^* (2~1500mg) 
^ (Columnar) «5f / ^ 1 5 *«3fti"5.. 

^ir] k**** vxmm-r j mmmm 1 3 b &*pij& lt * s ^ (Feather*3t 

<D—M&mi 7 at*-*-, sn^n?^ as 

iiil 3Bte. j^*^-yj»*63Jll 2aSM£fc*&fcoT#fiLTfcS*gj«5ft 
-CfeO. 09*^ mi 713 (a) i^tiM^ IH^/ffiBRi 4«rWUfct). 
31170 (b) fc*-t-J;5^ sv^£iti-5*3fi«:&UTV^„ 

^ (Feather) 5 fi, _hx£ Ufc «fc 5 ^ fSS^lR] ( 

tttiNM^A) <^$ft (Y) tm.Si1rz>m (X) I^Lts 20gi^f<80S 
Tfc^^S (0) T?E?!IUT*5t)0-Cfc5 (H 1® (b) #J&) . -©i? 
fc^tt (Feather) #atO«*"^"^tt»*» 1 3B©^it/»il 2 tt % ^ 
^Lfc^P^fc&V^Ts Wltf 5 2. 5±0. 5nm, Hfi^54±2nmT*W, 
-tUi, ttJbt (Columnar) ^©Wt^-?-^ 1 3 A J: 0 t«*^-y«lt* 

1 ltts ffiBBBBI* (d 002 ) 5 0 0 nm5kSre*>»K *fi#*JR*&<Z>ffi|ffl 

2 0 
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mm (d 002 ) (O- 3 3 5 4nm) Kar£lbTV^ 0 ioT, £l£ 

5 ^1 8 0^t^^ (Feather) *5t^>^i^/J^*l 

^tf (Feather) ffi|^ilHtt;ll«l 50«Bl:Bt5*»«4»Wtt 

worn*) t?fe5o 

(Feather) *ffi<0lfc*£«WV Jfc*# 1 3Btf>$5B£te> Columnar*3g<D« 

(~ s^A^H* : 7 0 — 9 0% (Slfcb) ) 

(Tk^ff : 2 0%) IrlOOsc cmt'IU^b 5 O 0°C 
TO. 5~1 OB#|18aS5c*t-So -€r^s ^w^irTkmir^M-a-^^ (7K*^ff 
: 10 — 90%) 3:100 — 200scc mX*ffi Lfttf* b 4 5 0 — 620 °C<£>?& 
gtO. 2 5~3WJiS:$^ii:(a^ Bf^* (2~5 4 0 0mg) (0*2 

tmiifo) <om (y) tm.$i-fz>m (x) i^u, somssitT?©^ 
g ( v ) ■vmmi'XtezWe&z (mil < c > *R&> • w«>^*— ^#3t 

2 1 
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5 nm. 3+10 nmt'fc5. 

mi 9m (a) mm-r/wmmi 2v>mM&MMMG> (raw) i^tt 

) r±, #**i-w*^/«l»i'2©tfcifiH»*s¥.— ©^it/iiii 2<Dfft^ 
^ufc^^-cfc9, »i9H (c) h: % mm-rymmmi 2<Dm^mm^^o^ 

#*:^*i§*#i 3c^it;iiii 2(D^^t^t;« 

llteU ffiMraRl (d 002 ) # s O. 3400nm*Iffc!)\ fcfi^&SI&Offi 
KffilBft (d 00 2 ) <Z>^#£ (0. 3 3 5 4 nm) tofi^bTV^ 0 iot, fik 

mi5H)K As-prepared^Pg (7 0 0°C£kT (D^MM) X\ ^St^3^ ^/V^H 
B51 l^fejfeS^-y^fr^ffiraSait (d 002 ) #0. 34 0 0nm*M 

o~7o%) ©^Srp0i-s„ iiiE©^^p#©^RD ? ^B^J; , 5> mm 

LfcfcjfctetfL-C, Tk^ir^y (zfc^5HE : 2 0%) 1:100 

s c cmtIU^e)5 0 0 o CT*0. 5-1 0 B^UgjETn-TSo -£©^ — &it&< 
mti&mk<nm&-tf* (Tkiff^flE :10~90%) £10 0 — 200sc cmT 
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ffi U*36S £>620~655 ^CcomM^mX 0 . 2 5 ~ 3 ^^^*T N Bf^ft 

(2~i 5 o omg) (D^^-^^mm^mmvt-r/^mi s&w&rz. 

2 0 0 OTOi^M^MS^i-6 fc. ^«5t^-ai6T^T<^1#it^fc 
*WBffi*#i: U-Cf±. 1 6 0 0 < C£Lb<E>i&&i: U 05SK:f*2 0 0 0°CU±. 

£ b^^ai^f* 280 o o cj^±T'»®-t-^> - £ uv\ i 6 

^2oia«s 2©iMotS0-efe5„ »2 0Bm*ti 

&&ftu r©^t;iiii 2©-o©^M (i6oo°c^Ji) <om 

*1 5 3&S^*tb5 0 

fc*3. ##faMb^aSu^©Columnar#it^li^^/^*l 5 ©i^^fg^M 
(HRTEM) ©^KSr^bfelWife©^l OHA^fc. ilt^I^BU© 
^iR^^^/HHEl KBflBB! (Edge®) i^m^a^«t5x ~^7u^^fi 
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i3A^28o oT^^&z&mistim^ ^mmmmmM^m^m^m^m^ 

—J»<Dftl£%:mk£fC (-3 0^ OS. + 3 OS) itiJbfc^K-efcSo 

f 23~25» fj|2 2|g| (f$15^) l^li^^y 1 5 

30) . Om. (^2 413) X +30S (^2 511) ) «^Ufc^ft (§$6 0^ 
f£) -CrfeSo *fc, ff|2 6-2 8 0^ ^23-2 ^m^Wk'X'WM 3 2 0 

^flp) -os>*k i2 6ai-3oi, m2 7mnom, m% smz+s om&& 

mm^mm-r/mmm 1 2 ^mmistix^z ^ t tmw ufc 0 

h ^^^m^^« ( s t m) ^mx s o mm^* -v- *-r>\>wm u^b^s 
do) ® (100, 1 1 0®) tt N asftw^jfeSh^^/^Mm^^-e^ 

^3 0|H (a) ~ (c) f± s Columnar#3fioaiilt^y^*l 5 » 

20001c, 28 o-o^^^iftffl^bfe^wfliJtojBj^tesiaaim^saw 

£fc, 13 litt s Columnar#3t©^*-t-/ttai»l 3A^f>^5Wttt/ 

2 4 
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(Dyi-^WZL*^? YMm$rtZ> 1 3 5 0 cm.- 1 <o\f—^\^ WjgMfi&Moi'fe 
fifcttt?^<s B&&^*f"f-z*"j-Ji4RfBl 10>*8BB (Edge® ; 10S) (DfemhWt 

llWBO«lte*UfcJ: 5fcl> (Columnar) i^Ht^t/^ 1 5 f±. 

-TW&^W^fSS 2EI<D7-^^^^^ hAtf*b*>3&»5 «fc 5 2 0 0 O'CSA-L 
©SR*aa^«t9 1 3 5 0 c m" 1 t"-^ i5f L < ^ < tV^5 i i: ^ 

rtU3> 2 0 0 O'Cjy.i^^^Sl-J: >9 N ColumnarW&OWMVtl- S fizB 1 5 
fcttjfcUWSjR*^/!^*!*! 3A©^^t=ft«l lOEdge® ( 
10®) as*$©&^£ £oT^TH.&5Gftfc: K-A*£o£jE® (0 0 2®) K 
ftofc£££8l!?fefc*b-CV^o *f-s $&S^fifr©Columnarfl! 
t©ilttty^il 5tt. HOPG^I^©W«i^^V^T%if 
#£LftV^f^^^/H&B®l l<£>Edge® (10®) Sr#i^A/T?V^5r. 

O x m<DW>ffitt t LT»#-e# So 

(^i^/^mo^at^^^^^*) 

gi3 2gi^ ^ m.m(ou^mm.(o^~(D%M(Drm(DW^mx-h^ 0 

n 3 2 [gi^-rj: 5 *mm<D&m\mzmm^si%m<Dmmmm 100 

1 5^mm-r^mmxh<>x, mmtmnz titbit* y^^tt^ 

2 5 
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\^xftzmmmmwE&ui o 1 *%m\^xffimm*m&-fz> tm^. w&&tm 

•f SiDfR^ai 0 2^iA«il^l 03^ ±IB«E»SK*S*1 0 3rt 
\Z.M7ttfX (H 2 XteH 2 Sr^tf^tt^> XteCO^) 10 4£#y&1-5 

iiro«^io 5 ^^ffl^tbiti o i b&mzitxmmvti-ym 

m 1 5 £&J&^5fc&<^fliI^ 10 6 $r^f^^T*±lB^fcl!)JiS:^ 103^ 

\^m^ir^^mmnm^^i 07^ ^^^u^v^^^^ i o s ^jl 
-LiB^ib^g:^ i o 3i±s mW}m*j&f&~$-zffi>Wjm$i o 3a^ »wjjs 

*mm<owmx^ ±&#x»m7'Ci i l^fc^i i o 

Y) N #nt istz.fflmvt'rsmm 1 5 sn^fum^ 110 £im ^ * j; 9 
<DffiW}tt*m^z>h<DXtet£<, mmmmmwini 0 l&m^x^Zo ^lt, 

1 0 1 ^mi&^UTlifDSjW^ LT<7^t&&m£:£^ «^J&^Lf;:«it*£ 
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mmmmmmu 101 mm tm-fct&E-tz x o v ^ ioet 
* 3 3 ari> «^/b^»>** ioi ©»3tRtrseE«£»w ioi &mm tt^ 

«-i:LtfflV\ (1) «5n^l 0 4«:lftf&t5j(ll©^ft»lS^ (2) 

mmmm o 6 sr^^m-mif&u ±mmmmmmm}U 1 o 1 <a*«i 2 1 <?> 

bftv^i&tttf;* 10 8 SHHHfcU JtlB«j&*fflfl£»*t 1 0 1 ©Milri^ 

5fe-fs *38W^«5»jB£*ffi«tt»*ti 0 ltt, SB 3 30 (a) , (b) 
«t 5 fcl. 2 1 12 2 Sr/M 1 2 3 tc «t «9 fC* 

5t©-Cfc«o fc*5. ^331 (c) ~ (e) fcl&V^tt, «iffi»tflO 

i 2 i^j;«9^c/h^-c*m^i 2 2^a^$H5^i-e, mm^y^i 5^ 

«fti-r«l|LffiiBH4»ioWH. ^ttW^WtS-t^ ***** 

1 2 i&m#i 2 2ta«ft5rt^f5. 
s*. &m~fz>m7utf* 104 s^v^ttjsu 2 1 (Dnmitum^^x^ 

(Dittl 12 1 i: ft 3„ 
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flifctf , mn(oKm\.ftmm 121 <oism& 1000 nmci^imaw 
ionmtfc!), ^}m<onnvtz.mmi 2 1 <D%m& 100 nm©i^taM 

Jg3 3M (c) #&ftfcttjat^SElWtl 0 i&mhm 

103rt left* UH <D#x&m¥Wt 105i9 MtuX* 1 0 4 £ UT 

jj&te:«fc t> > 12 2 ^m3$£nfc« 12 1 &mfe&07gflBft>&&JK i: U M 

^ut, i33m (d) KTF-tzoK^ mmmni 0 6^^^ti«L, 

Huia^i^y ^ l 5 10 1 12 1 SriB^fc:£yft 

*3V^, #ffl^*<£>7Klt (H 2 ) , -Rfl5&* (CO) «f©»3n^l 0 4©I 
7utfMB^<fc9s ^12 2±Kfe^$ftTV^#lSiU 2 1^^^/Wk^*«»^ 

0iJ;Ui, ^<D«1 2 l<D*fc#a*0iJ;tfi£l 0 0 nmgft-CfcSitt^ 
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*z<D'&^ RJS^Tbfcbs S&3 3I3 (e) \iZ.&1r£ 5 &*4rMTLfcV" 
^44#*l o 8*«MI&^5fc*^ aflfcNftl 0 2fcJ:»)8IHHi»RJiS»i 0 3 

^ ! 2 3 ic J: «9 #fl?LT. m&mSbtt 10 1 < b 

BHLtini7^yi i 1 g^a^^^ws*^ tt^nnR^ai 

1 2^<fc^HUlX$ttS (SS3 2 0#H&) o to^ l 

Wt/^#i5it «jttfs rii* bfcwwu^owt i 2 ixttia#i 2 

2^1^*5riia^ ^^ft&iEi 2 lXlififtl 2 2^b#Ht1-3-^ § 

f&3 4HK*tJ:5lc, «*6^y^#l 5©fi»»^©fi#i 2 2^£rH 2 
-C^^i-S^fe^ (H 2 o) ^co 2 &#x{kMkVX&fcrz*m 

1 2 2S?«r?ft$c$-e:3o - tt^J: V . ft&l 2 

mmm^mi o s nx<owt<on<o, k^—-%<Dk%\m?z.k&x* 

^/B«J*t 10 1 <0¥^*fc£«r-tlBfl£ffl 5 - StlbjBRJSSS 10 3 
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«E«jSRis«i o 3rt©flB*r*. im&mwmi o iottg#o. 2 

mmtfcSi^l'H 0. 02-0. 2m/sTf*)5i:ff* U\ £*U±sS&3 
5, 3 6BK:jj*i-J:5^ 0 2m/s*l-efc5^ 

^*WW^©WMb»«M«* (Umf) Sr*Jpfcb*:2-8ffiP©ttfflrt*»e> N * 
^iMi o 6 iogWW3 0 o~i soot-efcSijftK, £E 

RjSfc*5V^W:v 7ki5f#JEO~9 0%<^5Stc^ 1 0 4<f. _h|S^mm 
0 6 &ttj0Mfcffl*tSWt 10 1 12 1 te— 3£l*nBtfttt**5 r. i: X\ m 

ilitfr?"/ 1 SSr^Si^fctTV^S, r<D^£te:*5V^T. H 2 Sr#t^5«> 

3 0 
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xm^^v^-cf*. &&. be^. ^^ii^wi^^^HWtt 

jfci 2 i©3KB«3lWft:«rff 5»fcf±s K*I^lStoiltttt^*l 5 
JbVAUN^mM* 1 0 1 tt. m 3 3 0 (a) ^bfc«t5^ m^l2 20 

LT> ±tBW*#r±, ^»12 2«|BlIU10 0~2 0 0nm 

_blBm^i 2 2©itfi ttii, fljjtrf, n—Xis-f^y* (CB) % 

t(Al 2 0,),^y*(Si), tr-(W> (S i 0 2 ) . T/l-^/^y^-b 

_LfBtfiflc 1 2 2 f*. 2 0 0m m^TTfc 5 1 0* b V\ i<£>&ffcl 

2 2©&ffiH:ft6Jfcl 2 1 ^L-r^^t)©^^©!^^^^^ 1 2 3 

±IB«^1 2 1 £ bXtts 0!lx.{^ Fe x N.U Co, Cu, MoXli^b 

^-#yy7>^©SiiliF e^Sjt$*5J:5^t 
*u£<fcv\, r©g^ ^3 3IH (a) ^^m^uxv^SJ; *s#i2 2 

<D*ffil 2 2 aRTJWLl 2 2 bftfcftftflU 2 1 ;&S}fiJ$£*LS J; 5 

JilB^-f^^-l 23i: ttfi, m%-ft. K$mR«**U «^i£lr£ik * 
©te©*&£ftMBfc^S#*Hf - * ***** 3° 

3 1 
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3 6o°o , mm^mm (muh&mum ~ 2 s 8°o , ^^>~mmm (mm 
<mmm.m -2 8 s°o , ^ ^ vmmm (mmmm^m : ~ 3 4 9*0 m<D 

gftttss:^i 0 3ftfc::}^-c N i*m. (3oo°c^±) xmmmi&i 

mt mm.) *nu-tz>^ t&x% z>frhxh%> 0 
±m&m%kmmn\k vxn. s i o 2 , a 1 2 o 3 m&mf 5^ t& 

X%Z>&, *|iP^}irtbb^P5^$tt§^<^T^i^V\ 

*mwxfc, fem-tzmnmiZTrrrx ?k\ 4 8o°cms^»i^/^i 

^^#x.btb6„ Z<Diir£-\a^ ±^bfcJ:5^> 8 0 0 o cm_tT*H 2 \zX 5# 
0 3 7i(^tiM^ ^JSo^^^6iH*i^/^*^M5t^©2 o o 

mt^-r^s^^-c. mmttioii!>mmvxffi,W)^ifebt£?>£5\zffi 

mm&fc&l 0 3(Dffimmi®l O 3Aft&H##JLTill~3raoS2 0 3A- 
1 N 2 0 3A-2, 20 3A-3MU H»i203A-lim, 5Stg 

3 2 
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1 0 4^t5il^M#tl 0 5«rK«\ m2^«J^2 0 3 A- 

2 iatmmmm- ioe ^tt^-r s^^ig^^^ 107 is 3 ^sj^ 2 

0 3 a- 3 iimt^v^w^i 0 8%w&-rz>m2<Djfxw& 

££-#JU feW^bUH^s SgHf&M2 0 3A-1 1 tm2^M2 0 3A- 

1 2 0 3A- 1 3 ^T^lgft®3^2 01A-UU ^4tfPM2 0 
3A-24,h^5^S203A-25^m6glSM203A-26i:B7gPS20 
3 A- 2 7 £:-C#2iftEb£2 0 3A-2tU ^8^12 0 3 A- 3 8 £fg9g& 
I2 0 3A-39 K^3»I2 0 3 A— 3 k bTV^^ *ISWttwH^RR 

*n*s^B^*3v^Tte> i mmm. 2 0 3 a - 1 tcttft^mbit 1 0 1 & 
Wi^^Wi^m^^.2 0 4*sta:»tb^T*5«9s ttiti»ti 0 1 *mik 

Wj^2 0 3A-i\a^^x7^m<o^m, % 2 mmm2 0 3a-2^*3^tib# 
m<oi&m. m 3 mwiM 2 0 3 a- 3 ^ssv^t 1 B#r^<???tw^-e# 5 «t 5 ^ tt$j 
^202 o-fite^^rt^^ftSrPSEi-s w t x\ m&mmmsm 101H 

^ut, iii»t2 0 3A-iwm m.7t-tf* 1 0 6 r. t 
x\ msmmmtm 101 (ommmm^mn^, m 2 mmm. 2 0 3 a- 2 

2 0 3 A- 3 fcias^THu &*«r^bftvv*i£tii;tf;* 10 8 Sr#a(fti-S k&K 
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T^7^7l^$MfcSU $l#4 0~ 1 0 0 nm©i|!t^l 10 b VXtf^Gb 

*m-t tvx, mm^xmtrzzt&'zimb^x^Zo 
^38 m^i-j: o *mM<Dj&n\mzffimvt^y]%m<Dmmmw 300 

1 5*»Bti-5S«^*>oTs mmmmmui 01 zftmmmirzbm^ 

ftlft&ljm-fZUm^WLl 0 2SrR»t*^*^ StTctf* (H 2 Xf*CO) 10 
$ 1 ©«b»^» 3 0 1 ^kMS^USMM* 101 &&m-i-z&T£^Wt. 3 0 2 

ttt5i*fc, o i bmm^xmm^:i-y^i s&tkfc 

•rztctrxDfemwmi o 6 ^^^tit^^Mts^iiw^i i o 7 

5 IS 2 ©$flE!bJBKJS# 3 0 3 b . H 2 ©JKSbSRJSS 3 0 3 

fe*?* 108 &fomzw&+z# 2 o^f^tfe^S! 109 zm-tzm 3 <z>3kimi 

^ta-f-S#ffi7-<^l 1 1 i:*rA#i"S 1 b©"C*>5o 

_tia^ 1 (ommm^m 301, & 2 ©«fesbJSKJ&8§ 303. g§ 3 ©raji^ 

^3 0 5^Il©IWit^ gfC«)Ji^3 0 1A. 3 0 3A, 30 
5Ai7]J — KpB 30 IB, 3 0 3B, 3 0 5 B b &*ft-£;ft>flf 
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ur, m i ©«K»«R*S«3 o i fciasv^TWu myutf* ioe Srifci&f « - 

m&m 302ia9f2 4>%ibJiKj&« 303 -#u#&i-s„ tut, 12 <d^«j 
»sjiSS3 0 3 ^^-a*. mrnmnx* 1 0 e 5 rt-e, j&^tBSr 

3frt-«. asv^ «tsaRai*«>iws*a 304iaDi3 ©gftsbps^ 305 
mti o.i<Dmimm*m&is&x/<9'*7\mMk\s, «t«4 o~i 0 0 nm 

#KJ&§§ 301, 303, 305 rtT-(DHtIIB«$t 10 1 (Dffim&Wz 
&CT> S«^3 0l, 3 0 3, 3 0 5rt©*aS:aEHi-5J:5lziUTt>J; 

& i 301 (Dmn^m 2 s.tm 3 <Dm>m&j&& 303, 305 

*fc, ^1-3©«E»SKJ6»3 0 1, 3 0 3, 3 0 5«r^-CPiC«ai:U 
CTfg 1 0%MI£J&# 3 0 1 ^tii^J: e> k u-c, fliS 
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aEtt»Rj6* 3 o 3 & 2 mmn. mzmt^mn: z>t><vt vxwm-r z 

^ N rtlfP^inSfti-5Jnf»^a i o 2SrR»t»fc*fc % as^n^f^ (H 2 xteco) 

10 4 SrrtlFP^I&i - ^^ 1 O^f^ft^^ 105 SrftSU ©Jfc»JlKJ&S& 
301^ » l ©ScibSSJfSS 3 o i^bftl!jSyKEfflatSb*ti o i sr^-rs^ss 

^4 02-1 %m-rzbmz, mmmmmmui o i fc»»**-r«anw-/ 

^gl O 7 1 5f 1 S @ ©I 2 ©iiiM 4 0 3-lt flll£i 

<z>fs 2 ©?»Ji£0&§&4 03-1 d*b«jsafcffl«EiWt ioi &&mrtz&m&m. 
4 0 2-2 &*ri-5 mmmmmmt ioi ^j&£^Tia«^/^m 

fgl0 7 2 ffc g 2 «®jjf £0«4 0 3-2^ fg 2 @: g <DfH 

2 403-2^ b^t^iJ t «aft*t £ ^m-r^m^m. 3 o 

4 Jfe**^* Lftv^iStttf* 10 8 «rrtttfc:«*&i-5* 2 

#*fftjfc^ffcl o 9fc*^*JI5 3©«»»Rjfr»3 0 5t, -LlBfS 3 OflHMK 

«3 o 5j!i^^got»^i i o^mmir^mm^^^i 1 1 

t5t©^5o 

*L*C, f 1 f I ©^ 2 ©«iira 4 0 3-1 ©JPl^ 1 0 2 

©ffiJ^M^ «tOt>^2^g^^2 ©^»ISJSSI 4 0 3-2 1 0 2 (75 

s (^^.fitaaesr i o o°c^ft^-r^^) - £t\ 0»J*.tf> »i 

ag©|g2©ilE»SSJS»4 0 3-l(^|-CS:^?a^4 8 0°Ct LT^ ftbftftftfflE 
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W)tfl 0 KDmmi 2 l_h^^ (Feather) #&0>£&HV «fi*£*l¥ 1 3 B & 

sjsm^«r6 3 otm-iia^ mmw (Feather) mm^mm^-ymm 

iR&l 3BOTtf^-^ (Tubular) *&<0^§fc^ 1 3A^ft 

3? 4 2@i^tiM^ ;^i©Mf 5 o ot 

103 o«Eibsffi i o 3 a*k mmmmmmu 5 0 3 a- 1 1 
i&mmffiW}mi$5 0 3a-2^^»$^ kbmm^-/^*! ssraHSut* 
<d% 2 <?5^w*&xmi-*3v^, ffij£«difESbji^ 5 0 3 a- 1 ftx°mmmmffi>W) 

ftflcWKitix «*ri* mmmmmmn 101 <z>*&n& 0 . 5 mm t ^m&, 
ffimmm 0 3 Awj^oteitfloffitbsass 0 3 a- 2 -era:, mn<DV5±<Dtz.#> 
K.ffim* 0 . 1 m/ s mst^mm-r^s mwjmu 103 a^t§p^^M'J» 

m%V>5 O 3 A- Kit SfS^&O. 2—1. Om/sgSCi^U ftfelft^iSfE 

So 

1 &kku 5 0 1 ^mmmmmmui 0 1 « 

i4 40(^tiM^ »tt ; ^i©Mt 6 00-e 

r±, «e»jbsis«i 0 3 \zwatfrt>nT&#x e 0 1 ^^tf^itf^^ffce 
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fc*5* Jf|4 5 0t^ti 5 *fitfPHHK#S: 1 1 2 a^ftffiV1tmiL<Dffiffl& 
^11 o b«r«MWBRJs&»l O 3rtt»Sft*&f5ilJ:> i^S6 o 3T?ifi5jS 
^601 ifi^U WBLtomm*! 1 0 bSrJftii^e 0 1^#$*T^ 

^io 3rt©(Wiffl»tti o i(Dmm^m<D^y-i/mm-tz>z. 
x *> , mmmwjtf ioi m±<Dmm, ^mmmu ±01 1 Jtiasisss 1 o 3 ©g 

&jSE*fcffliJltSi*t 10 1 ©J*#6^S Hx*H: i SM^Sr^it U lltt/ 1 

>m<D$r%m. **r^*-mm, m^smmm, m^m mmm mmm,m 
#\ mmMn (y^!7^-^m?&> Nasm ^-^mm> s^T/^y 

^ FED**, Nano-!)y^7^lfc 0 — Kfc* MLUD I 

Gie^*. ^ifW) , i-ym^ju-zf, m>E&mm. mm^mkum 
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# N mmmmm*. ^mmitmu. mmmmi* <«*.r*pt, pt-R 
h/a) . nmt'-ti'-*. •xm.nvkmfi (sox. no x , tyy) m.mu, tk 

[HJ£#iJ] 

mmm 1 » 

MMmifc. ttJK (Columnar) ii©iitt/»fc5 0 

5gSH*Sr5pJ^ « (Best, R. J. Russell, W. W. , J. Amer. Soc. 76, 

838 (1954) s Sinf elt, J. H. , Carter, J. L. , and Yates, D. J. C. , J. Catal 

. 24, 283(1972)) \Z <fc Y) ftttlK^Mtt bfc„ 

(FeN0 3 - 9 H 2 O : lfo%ft§mmm 2 9. 5 4 g U < 9 

t#LTMWt5„ ^(Dmm^mm^mriy^^r (nh 4 hco 3 

(Ammonium hydrogen carbonate) : mJEftM 1 ») SrtfcKtt 

3 9 
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(FeC0 3 ■ xH 2 O) Mi:5*t?i#L^^^pf5 0 ^tt, tfM 

^^T^B^a (4 5 0"CT?5I*IHI) tSrtlCkotFea 0 3 £r#fc 0 
||ltfcFe 2 0 3 SrT/^5^-J4©4?— h 1 Omm. iM2. 5 mm x 

5mm (*MD ) 7A^5tf (rtffilOcm) O + fc::^ 

T\ 7K*i:^y &J»b<Dm&1t* (tK^JE : 10%) Sri 0 0 s c cm*t?SIEU 
fc#baEc«S£ (4 8 0°CT-4 8B#FrfJ) tS^iia^ 4. O2g©0l« 

m> (@2. 5 mm, 5 mm G^MO ) fcHBiir, (ft«4. 5 c 

m) <D<Pfc%>\,^X, fcmt^V V&k<Dm&tf* (7k*#ffi: 2 0%) Sri OO 

s c cmT?iftbfeas&ai5B (5 0 0W2BMB) t^o -*fl5«*i:* 
(7K*^ : 2 0%) % 1 0 0 s c cmT'IU^f,^ (5 8 

0°C-e6 0#) ffifeM (1 2 5 2m g) ^littfc, 

(Wi2)) 

-rft*>*>> ±ia«te«i i ^THisiufc^t^/^^T^=?v#s^Tx*2 

0 0 0°CS.t) ? 2 8 o o°c-ei O^ISMIbfc, 
^HJfe^Jtts (Feather) *ft<Z>lim^y 

J|fr«j»tr±s 4 g©=ij/^/H!MStSrf^afc*N 2 0 0ml ©HStMj^ 
^(NiNO, -xH 2 O :*M6tt»W2*U») 19- 8 2 g Sr*Jn U tf> 

(NH 4 HC0 3 (Ammonium hydrogen carbonate) : WE%t%k 1 W £r£t$£ ( 
NiC0 3 • xH 2 O) *S^C5*tf«#b)fe*5fo^I0i-S, ^tt, ttMMto 
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xmmMm (450^5 mm) -r^^t^xo xm^ v ^£r#fc„ 

P^bfc^k^^-^^^T/WS:^-^^^— b (^lOmm, i2. 5mm N 
miSl. 5mm WWW) ) fcM^X, T/V^^m (rtilOcm) (D^K*^ 
t % fcmt^V V&kVM&tfX (7fcSt#ff : 10%) ^lOOsc cmtSL 
fctfS£>3§5n*Q.a (4 8 0tt'4 8^) 1rZ> ^ kKZV , 4. Olg©«l: 

&fcl N ±IB<D^T*1S^ y *vH»Sfc 5 0 m g Sr^$4©*— h (ft £ 1 

Omm, «2. 5mm. 1 . 5mm (*S«) ) fc*Mt\ (*«4. 

5 cm) ©*fc*3WC, **fc^y (Tk^ff : 2 0%) Sri 

0 0 s c cm-C*b*«S6>«5c (5 0 0«CT?2^W) *<^> 3^1^* 

7K*i:©S^^ (zK3S#ffi : 2 0%) IflOOsc cmfSU^f)^ (5 
8 0^6 0^) £i3rC N (6 0mg) (Offim^ S ^*«T»3ft Lfc„ 

«HWJ4» 

0 0 0 "C&tJ* 2 8 0 0 °CT? 1 0 #W8M0f« bfc D 
«H»!I5» 

#gSi£0!ir±s ^au^-ZfVt (Tubular) «5£<£i^£tfc-?V &*T?*>S. 

^;KNiNo 3 -xh 2 oifnmsamim n. 9 0exwbwr 

(FeNO, ■ 9H 2 O : fd*tfc»W3Rl ») H- 80g^ttU *o<5 
jWtbTlWKSrWKi"*- ^^^-^^^^^ TNH 4 hco 3 

(Ammonium hydrogen carbonate) : WEft-M 1 

4 1 
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(Nico 3 • xh 2 o) #&cs*^ift#uftasfe8s*n-t-5o tmrnzzfe 

$g (8 0°CT«8B#F^) bfc^L 7k¥M^^^^^^\ ^^ffl^^T^nm 

P^bfc^b^-— y^/^SrT^5*?"J4©3j5— b 1 0 mm s 4>g 2 . 5m 

m, 5 mm (*fflHft) ) M^T, TV^^W 1 0 c m) 

*5V^T, Tkmir^U ^Ai:OS^ (7kSi#ffi:10%) ^lOOsccmt 
JKLftflS&JSTGflyg (4 8 0^4 8^) fSri^J:^ 4. 0 5g©i- 

1 0 mm s fti 2 . 5 mm N 1 . 5 mm 

. 5 cm) OfKl^T. TK^^^P 2 0%) §T 

1 0 0 s c cm-e^b^^fe5l7& (5 0 0*Ct»2l*IH) -T5 0 

mt7\mt corns- u^m^ ■ 8 o%) £2 o 0 s c cmx^u^^^^ 

(6 3 0°C-C'6 0^) Bf^* (4 3 2mg) <Dm«^/M*£r§!Bt L 

«^WJ6» 

2 0 0 0°C^t) ? 2 8 0 0°CT- 1 0^ifeltfc o 
«X^HI»J^» 

^»Jl~6X^fettfcHli^/^*l 5 Omg&l 5mgO|?V!)3y 
ir^U j£fcX|&|I)JJr£» (3#*±$!D &/BVv-C\ 5° ^^9 0° F^T^lHlJlf 
0 Z.tfc£ K> (CuKa^ 4 0kV N 3 0 mA, Stepwise Method) . HI 

mbtifrxm^-f^frb, mmm$ (d 002 ) s mm<v*%z (lc 002 
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) % (La 110 ) ^nW^^<toTth^Ufc D *KD& 

^±.^m. 1 \^iTo 

Rfc&mM%Lm>*mfflM (jem-2oiof) xmM\^tz. 0 
^temtt. mmm i~4 xn^fhtcmm^y^^^ s—mzmm 

*©it**«WB»6ia (nwu, 2) wflffiBmism (^093, 4) ^ 

^18H!i, ( a ) , ( b ) & 4 0 ^ffiFTMft* Ufc JgfcSrttUg Lfc^x ( c ) 
^ (b) b^8^1lfc^:b^JC (3 2 035^) "T?*>5o 

(Nanoscope III (DI, U.S.A.) ) ~C1^ bfc c 
. 0 n A) o 

Jt©Hr***3 0H GfcWU, 2) % (b) (^»!12) % $15B 

(^JS^J1~6) s Jg2 9Hl G«ife«l~6) H^-To fc*5. »3 0|gf4, (a 
) ^s*W«l©«li#W-y Cb) , (c) AS^Jfil0lj2(O« 

(b) r±, B3om (c) tS^es^gf 

4 3 
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itmm i » 

±.mmMm 1 <Dtt$mx*mu \^tz.&.m.m. 5 o m g sr^s^*?- v (imo 

mm, *I2. 5mm. 1 . 5mm (*B*Q ) ^*H§T. (rt«4. 5 

cm) (d«^^*5v^t. fcmt^v v&tvm&tfx (fcmftm: 2 0%) £10 

0 s c cmT?$KLfta«e>5 0 0°CT*0. 3 B#fflS7G-f-3. ^<^> — Bfe-ft$**fc 
**i©jB^ (TK^ffi : 2 0%) ^lOOsc cm*C*Ufc#e> 5 8 0*0 

«tb^J2» 

jtjB^t&w i ©ttiRfe-cwii vitrntm 5 O m g sr^e»©#— h (** 1 0 

mm, «2. 5mm. SISl. 5mm (*BM» ) (rt«4. 5 

cm) ©^K^T, 7K*^-y (Tkm^ff : 2 0%) ^10 

0 s c cnrC«fcL*as& 5 O OX"? 2 fl*IW*5&*-<5. -iWbft*^^lr 

1 0 0 s c cmtlSU^f,5 8 0XJ<Z>i&flrT?6 0 #J*Jfc Lfcd*, flfeflMfc-?- / & 
«Jfci&#!|3» 

_hlB»^ 1 <Dtt^fe-ePM y fr/Hm 5 0 m g Sr^JS©*— h 

£lOmm, «2. 5mm, ff $ 1 . 5mm (*SfflD ) (*« 
4. 5 cm) Offc&WC. tK**:^!* 9^ £ : 2 0%) 

£ 1 O O s c c m-e*b*3ft«fe 5 0 OXT* 2 B^iSTn-TSo — 
£: (TK^ff : 2 0%) £ 1 0 0 s c cm-e$L^f>5 8 0 

±mmmm 1 <D$:mm-emwk ufc~ * tr^m. 5 0 m g sr^»to^— b (* 

$10mm, *g2. 5mm, !££ 1 . 5mm (^ffiffi) ) KHfc^ *f2S« 

4. 5 cm) ©*U:*3Vvr, tK^ t <Dm&tf* (7K*#ffi : 2 0%) 

^lOOsc cmtIt^M5 0 o CT*2B#^al7n-t-5o 

k*M<OW&#* (7K*#ffi : 2 0%) SrlOOsc cm-Cit^e, 5 8 OX 

4 4 
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«it»J5» 

±mMM&\ 1 ©ffi&tll Lfc~ y -{ryi^ftftSSE 5 0 m g Sr^^OJj?— h (g 
$ 1 Omm N «2. 5mm. 1 . 5mm (0*MO ) (rtS 
4. 5 cm) ©*fc*5V^* TK^t — y (7fcf5f#EE : 2 0%) 

Sri 0 0 s c cmtit^fe5 0 0 < C-C-2B#ra5S7ni-5o ^©m. — 

OM^tf* (7K*^ffi:2 0%) «rl 0 0 s c cmtSlWf,6 8 0 

«Jtt8fe0ij6» 

_hlBH«J 5 O^T*PMbfc^-^ y -jr/HSftjK5 0 m g tt&2k<Dtf*- h ( 
^lOmm, «2. 5mm. 1 . 5mm (^M) ) fc*Nr. (1*1 

#4. 5 cm) ©^maavvc, 7kmi:^y ?j*b<Dm&x* amftm • 20% 

) £rl 0 0 s c cmt*SUi#b5 0 0°Cl?2R#M3S7n-r5o — SKbift 

(7k§it£-J£ : 8 0 %) S:2 0 0 sccm^U^b70 
0t}<Dfig-C6 0^Lfci:r6> Bf3£* (2 0mg) 

Fe-Ni (2/8) trtm\Z-my\ tt—&^~?=7-yt {S3£tfX<b¥#M r 
MS- 3 0 5 0B m&%) J (BET = 4 3m 2 /g> Si=4 0 nm) ) & 

4 5 
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|l©^il&ia5)«0«('»H 2 /He (2 0/8 0) £/8V\ 7 

mfflm#m&M\^K. 0 mmmmti^x^f-^^ (c 2 h 4 ) &/bv\ c 2 

H 4 /H 2 (4/1) ©fc©<Hfcf&L-t\ 4 8 O^&MttSRJfc^rtT? 1 NMWR 
jfc£*-rjR3ftUfc. i»«l^y^*©«l3t«^ H 2 /He (2 0/8 0) <D#H 

#b^fc«^^/^5!l^«IW^*Sr^4 6Bllc:SH- 0 $4 6@ (a) ttu 

1^0%®-C'fe?)> A'OlM'XtfSl Atm-efc5o ^460 (b) tt N 1 

«£iJ£0»J2» 

Aii:Ni-Mo (2/8) «rfflv\ mm^mtf-^^ (noj &/bv\ 
g*««*5 6 o°c£ bfc^^s mfe^i t^wttm«^ty^i?r 

#btl«tt/^*«i?*^^4 7111^,, B4 7H (a) f± % 
1 <9s /WDlMXtfS 1 /zmT*&5„ 1470 (b) te N 5 

^©fc©tfe^ ^^rwKDt'f l 0 0 nmtfcSo 
«Hi£0!!3» 

»iiiFe-Ni (8/2) &m^tc&,m*. mmm 1 1 mmizmft ^xrnrn 
^hfiitmm±ymm<omw^M^m^sm\^'to m^sm (a) 

115fe<D-k(DX*$>K), *tT— /Wt^Xifi 1 »mX*$>Z> 0 ^4 8 HI (b) fi. 1 
0 9 s /KPlMXfl* 1 nmt'feS, 

4 6 
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4 7 
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2 . ft^^HB 1 «^33V>T. 
BillB^m^^i^^^Pffi^WKD)^, 2. 5±0. 5nmTffc9. 

^^drt=rt/«©fi$ (L)^S N 17 + 15 nmffeS 

4 8 
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7 . m^mmm e m^^x, 

Buia^m^^f - ^-r^mm & 2-12 m%Mm u-c & z> wiUBM-r ; mmm t , 
mmmm^y-^i-^ffl-m* 2- 1 2mmm vx^mumm-rymmmt^m 

mfiB^m^y »m^c>ttiiafft w^m^ai- £ <9 urv^ 

10. it^mia^6 3S^*5v^-c. 

stiB^m-^v flui3^*^y »^^a)s^i^^»i^ % 

(Columnar) ^ftLTV^ 

1 1 . m avommm e mz&^x, 

mmmrn-)-; mmmmtK mmmm-r j mmm^mm^ <ommm t mz-tz 

Jtft (Feather) BSrftLTV^ 

r t 1 1- 5 asm**-*- / 
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i 2 . »#©*£ffl$S i o *$3L\±W, i i Wh*5VT\ 

1 3. H*©«10TOf 1 l^*5Vv-Cs 
d 002 ) 5 0 0nm*it'i!b5 

? hit mm-^ywmm) &i osx±x$>z> 
is. m-&(om.mmsm^m^x s 

mmmm-r / mmmm & . mm-r / mmm <Dmm^ (ommm t w&ir z>m^ 
^tx, s omu±s 8miz.x<Dm&mmxw.mir%^ ttezv. ^--^ ( 

Tubular) LT^S 

1 6 . m^(owm% 1 5 jgM^-c, 

^ify|liiOM#:©ii^8~8 Onmtfc^ fflm<DT hit 



1 7. n^mmm^. o^bii 6^v^•r^^^^v^T, 



WO 2005/049900 



PCT/JP2003/014892 



i6o o < C£JiJt-ci«ia!»«ys§^ ^m^^wmBM-r ywmM^m^ 

2 O . fl|#tf>*&ffl» 1 9 ^fcfcM^T. 

2 1 . m&v&mm 1 9 ^^vvc, 

5 1 
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2 2 . m^mmm 1 9 mK&^x, 

2 3 . m$i(Dfflm%i 1 9 5CJC*3V^-C. 

mmmmmmmWiU^mm^mmmiK Fe, co % cu, Mo©v^f 

2 4. »3fc©«£BI*Sl 9«JC33V^ 
»Jil*)OgfD5i^s 0. 0 2~2m/sffe5 

2 5 . it ^(Dmmwi 1 9 3s^*3v^s 
Huia^i<D^^#t^xs. mzmmm$mmiM. swb»2©^»i&xso 

2 6 . ifrfcOf&fflJfl 2 5 3®^*3V^, 
H&SB&fl^ JEE^j. Btra. ^^filt$>5 

2 7 . gft*£>ftH£ 1 9 Jgfc^-C, 

0. 1~2 5^EE^JE^jTs 7k3f£^t£#*£<^^#* (**#JE0~9 
0%) 4»> pflBiiH^ffl^lb^H^^^^ia^^^^^ 3 0 0-1 3 0 0 
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2 s . m^mmm i 9 m~m^x, 

2 9 . m$t<Dffi,mm 2 8 ^^t. 

3 0 . It^OfSffl^ 1 9 JSKl&^T, 

3 1 . !t3fctf>$5ffiff§ 3 0 3gfc*3V^ 

3 2. If ^Of&ISfg 3 0^^*3V^T, 
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3 3 . mOKDffimWi 3 2 3gte:fc3^T N 
3 4 . ijf*Of£|Si§ 1 9 ^C^T. 

3 6 . St^OfSffiffS 3 5 ^*3V>T, 



3 7 . Hf^fSfflfg 3 5 3gfc:*5V^ 
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3 8 . m^mmm 3 7 m\~&^x, 

3 9 . »*<D«&|Sf& 3 5 3S(£*5V>-C. 

40. nw^tsiams 9JS^*3Vvr, 

4 i . mM<D$mwi 3 5 mzte^x, 

tfjis^ 1 (Dffimmzimmm 1 ^^^^^^^ u 
mi3^ 3 (D^mm^m^m 2 ^^^^^^^ 

4 2 . tfrsfcOfSfflfg 3 5 ^id*3V>T, 
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mmm 1 (Dmmm^mmm 1 <D#*#y&^£>i$f u 

HuiBmi <DffiWjm&fom*bmt&ffi®tf*&&irzmm^&*^z tm^. 

4 5 . ffr^^Sffiffl 4 4 iSKl&V^ 

r t z mm. t -t zmmw-r ; mm<ommmmo 

4 6 . m-RomSWi 4 4 ^Mfc^T. 

5 6 
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4 8. lt^O^IS^3 5Jga>£>f§4 7 3S(^V^^^*5VNT, 

4 9. ft^0^1SB3 5^fe^4 7JS<^i*;ft^:i3V^-C, 

5 0 . lt*<7)t£|S^ 3 5 bl? 4 7 ^(E^T *b/W£*3V^Ts 

5 1. HM^fSfflS&S 5 3g^b^4 7^<DV^H^^*3V^-C, 
SfTlB^i^ffi^li)$tC>HfrlB^JS»^> Fe, Ni, Co, Cu N Mo©^f 

5 2. i*^©®fflf&3 5#bl4 7^m^;fr2N-*^T, 
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o . i~25 ^ff (Dmt>T, &m t tfmmtfx t <om&#x wm^m o ~ 9 
.0%) *k mmmmmmw}tt<Dm&mmbim&kmmnk&3 0 o~ 1 3 0 0 
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(a) As-prepared ffifflk 

(b) 2800°CiM.3i VIM 
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(b) Feathem&o>mm.#ii-s®im 

(c) TubxAarm&Ommfti-Si&m 
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% 16 m 

(b) Feather^a)^^^/^^ 

(c) Tubular^jtO)^^^^^ 
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% 29 m 

(b) F&tih & tm3komm&-)-yBim 
(c> Tubrinnfeommvii'Svim 

As-prepared 2800°C heat-treated 
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